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Fig.1 Tumor microenvironment of pancreatic cancer

T,

PDGFR, IL-6

w HURREAE

TTZHINESE
2 XS PREREME RSB X RS

PCs J&— i E A = 12 22 VAN RS 1 ) P i
J& , H TME /& 5 PCs M3 4 i AH OC i i L A2 4= 1
IASMAESRG, JHBPSEE K r 4 A E 4 A
WAy, A RS, BRI . ECM., FEZ
CAF. 2 i Fgs ai e 55 (181 1) 590, Bl %<
S B R, Bk R Ay AT AR AS 5 e A DG A RRAE
TME X} T PCs W Ji | 1228 DL SARIT RV 2
K EIEH

iR AL

CDS8" T4y

= _Jh ~1~ : 4 T4

i

5
g,
5/

g

TGF-B,

[35]

E1 FRARERNEREAEE ( TME ) 1)
PSC: JREIRE SR (pancreatic stellate cell) ; CAF: JRIAICALEF 4EH (cancer-associated fibroblasts); Thl: THFBIZHM (T helper 1) ;
PD-1/PD-L1: FFHIET-Z AR 1B ESET A1 (programmed cell death protein-1/programmed cell death-ligand 1); TGF-B: §%4b/E K K1
(transforming growth factor-B) ; PDGFR: [fil/IMifizA4: 4 K 132K (platelet-derived growth factor receptor) ; IL-6: 14~ 2%-6 (interleukin-6);
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Fig. 2 The key design features for co-formulated drug delivery by lipid bilayer coated silicasomes and liposomes
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Fig.3 Schematic cartoon illustration of COE-S6 as a siRNA transfection carrier for pancreatic cancer gene therapy
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Fig. 4 Schematic illustration of a responsive oxygen—self—supplying adv—miRT-CAT-KR (adv—-MCK) cascade reaction

system expressing three special components of genes'®”
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Graphical abstract

Abstract Pancreatic cancers (PCs) is a common malignant tumor with poor prognosis in the digestive system.
Its main treatment methods include surgery, radiotherapy, chemotherapy, and targeted therapy. The early diagnosis
rate of hidden onset of PCs is low, and most patients have already lost the opportunity to undergo surgery when
diagnosed with PCs. Chemotherapy is still the main treatment for advanced PCs, but the use of chemotherapy
drugs in PCs can easily lead to drug resistance. The most significant feature that distinguishes PCs from other
tumors is its rich and dense matrix, which not only hinders drug penetration but also impedes the infiltration of
immune cells. The above reasons have led to a very low survival rate of PCs patients. Therefore, drug delivery

systems are very important in the diagnosis and treatment of PCs. They can improve drug delivery, enhance
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biological barrier penetration, reduce side effects, and combine multiple treatment methods. Therefore, the
treatment prospects of PCs are very broad. Currently, drug delivery systems widely applied in PCs primarily
include nanodrug delivery systems, tumor microenvironment-targeted drug delivery system, immunotherapy drug
delivery system, gene therapy drug delivery system, and combination therapy drug delivery system that synergize
multiple therapeutic modalities. Emerging drug delivery systems (DDSs) have revolutionized PCs treatment by
addressing these challenges through multiple mechanisms. Nanoformulations improve drug solubility, prolong
circulation time, and reduce systemic toxicity via passive/active targeting. Smart DDSs responsive to PCs-specific
stimuli enable extracellular matrix degradation, tumor-associated fibroblasts reprogramming, and vascular
normalization to enhance drug accessibility. Last but not least, carrier systems loaded with myeloid-derived
suppressor cell inhibitors or T cell activators can reverse immunosuppression and potentiate immunotherapy
efficacy. Advanced platforms co-deliver chemotherapeutics with immunomodulators, gene-editing tools, or
sonodynamic agents to achieve synergistic antitumor effects. These platforms aim to address critical challenges in
PCs treatment, such as enhancing drug bioavailability, overcoming stromal barriers, reprogramming
immunosuppressive niches, and achieving multi-mechanistic antitumor effects. This article provides a systematic
summary and prospective analysis of the current development status, latest cutting-edge advances, opportunities,
and challenges of the above-mentioned drug delivery systems in the field of PCs therapy.
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